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ABSTRACT

A solid state imaging device includes a pixel array unit in

which color filters of a plurality of colors are arrayed with
four pixels of vertical 2 pixelsxhorizontal 2 pixels as a same
color unit that receives light of the same color, shared pixel
transistors that are commonly used by a plurality of pixels

are intensively arranged 1n one predetermined pixel in a unit

of sharing, and a color of the color filter of a pixel where the
shared pixel transistors are mtensively arranged 1s a prede-
termined color among the plurality of colors. The present
technology can be applied, for example, to a solid state
imaging device such as a back-surface irradiation type
CMOS 1mage sensor.
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SOLID STATE IMAGING DEVICE HAVING A
SHARED PIXEL STRUCTURE AND
ELECTRONIC APPARATUS

CROSS REFERENCE TO RELATED D
APPLICATIONS

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 14/308,921, filed Jun. 19, 2014, which claims
the benefit of Japanese Patent Application No. JP 2013-
133669, filed Jun. 26, 2013, the entire disclosures of which

are hereby 1ncorporated herein by reference.
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BACKGROUND s

The present technology relates to a solid state 1maging,
device and an electronic apparatus, particularly to a solid
state 1maging device and an electronic apparatus that can
realize a configuration in which an area of a photodiode can ,,
be expanded and which can be used 1n any of a front-surface
irradiation type and a back-surface 1rradiation type.

In a complementary metal oxide semiconductor (CMOS)
image sensor, i addition to a photodiode and a floating
diffusion region (FD), a plurality of pixel transistors (so- 25
called MOS ftransistors) are formed 1n a pixel unit. The
plurality of pixel transistors include, for example, a transier
transistor that transfers accumulated charge of the photo-
diode to the FD, a selection transistor that controls a
selection state of the pixels, a reset transistor that resets the 30
charge, an amplification transistor, and the like.

In addition, 1n recent years, with the advance 1n minia-
turization of the pixels, a shared pixel structure in which a
part of pixel transistors 1s shared by a plurality of pixels 1s
also proposed (for example, refer to Japanese Unexamined 35
Patent Application Publication Nos. 2012-23389 and 2010-
141638). In the shared pixel structure, for example, by the
FD, the selection transistor, the reset transistor, and the
amplification transistor being shared 1n a plurality of pixels,
an area of the pixel transistors arranged 1n each pixel can be 40
decreased and 1t 1s possible to ensure the maximum area of
the photodiode which has an eflect on the imaging charac-
teristics such as a saturation charge amount and a sensitivity.

Furthermore, a technology to realize a wide dynamic
range by increasing a junction capacitance per unit area 45
using the miniaturization of the pixel to improve the satu-
ration charge amount and sequentially read out, 1s proposed
(for example, refer to Japanese Unexamined Patent Appli-
cation Publication No. 2012-104979).

In addition, 1n the back-surface irradiation type CMOS 50
image sensor, a technology to further maximize the area of
the photodiode by intensively arranging the pixel transistors
shared 1n the plurality of pixels only on B pixels that receive
blue light having less transmaission light 1s proposed (for

example, refer to Japanese Unexamined Patent Application 55
Publication No. 2008-172580).

SUMMARY

However, due to the structure, since the technology dis- 60
closed in Japanese Unexamined Patent Application Publi-
cation No. 2008-172380 can be adopted only to the back-
surface 1rradiation type CMOS 1mage sensor, a structure
which can be used in both of the front-surface 1rradiation
type and the back-surface 1rradiation type 1s desired. 65

The present technology can realize the configuration in
which the area of the photodiode can be expanded and which

2

can be used 1n both of the front-surface 1rradiation type and
the back-surface 1rradiation type.

A solid state imaging device according to an embodiment
of the present technology includes a pixel array unit in which
color filters of a plurality of colors are arrayed with four
pixels of vertical 2 pixelsxhorizontal 2 pixels as a same color
umt that receives light of the same color, shared pixel
transistors that are commonly used by a plurality of pixels
are intensively arranged 1n one predetermined pixel in a unit
of sharing, and a color of the color filter of a pixel where the
shared pixel transistors are intensively arranged 1s a prede-
termined color among a plurality of the colors.

An electronic apparatus according to another embodiment
of the present technology includes a solid state 1maging
device that has a pixel array unit in which color filters of a
plurality of colors are arrayed with four pixels of vertical 2
pixelsxhorizontal 2 pixels as a same color unit that receives
light of the same color, shared pixel transistors that are
commonly used by a plurality of pixels are intensively
arranged 1n one predetermined pixel 1n a umt of sharing, and
a color of the color filter of a pixel where the shared pixel
transistors are intensively arranged 1s a predetermined color
among the plurality of colors.

In the pixel array unit according to the embodiments of
the present technology, the color filters of the plurality of
colors are arrayed with four pixels of vertical 2 pixelsx
horizontal 2 pixels as the same color unit that recerves light
of the same color, the shared pixel transistors that are
commonly used by the plurality of pixels are intensively
arranged 1n the one predetermined pixel i the unit of
sharing, and the color of the color filter of the pixel where
the shared pixel transistors are intensively arranged 1s the
predetermined color among a plurality of the colors.

The solid state 1imaging device and the electronic appa-
ratus may be an independent device, or may be a module to
be 1corporated into other devices.

According to the embodiments of the present technology,
it 1s possible to realize the configuration 1n which the area of
the photodiode can be expanded and which can be used in
both of the front-surface irradiation type and the back-
surface 1rradiation type.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 15 a diagram 1illustrating a schematic configuration
of a solid state 1maging device to which the present tech-
nology 1s applied.

FIG. 2 1s a circuit diagram of a shared pixel structure in
the related art.

FIG. 3 1s a diagram 1llustrating a pixel layout 1n the shared
pixel circuit 1n the related art.

FIG. 4 1s a diagram 1illustrating a schematic pixel layout
in which FIG. 3 1s simplified.

FIG. 5 1s a circuit diagram of the shared pixel structure of
the solid state imaging device in FIG. 1.

FIG. 6 1s a diagram 1illustrating a pixel layout of the shared
pixel circuit of the solid state 1maging device in FIG. 1.

FIG. 7 1s a diagram 1llustrating a schematic pixel layout
in which FIG. 6 1s simplified.

FIG. 8 1s a diagram 1llustrating an example of arranging
a color filter in the solid state imaging device in FIG. 1.

FIG. 9 15 a diagram 1llustrating an example of forming an
on-chip lens of the solid state imaging device in FIG. 1.

FIG. 10 1s a diagram illustrating a first example of
arranging a shared pixel transistor.

FIG. 11 1s a diagram 1illustrating a second example of
arranging the shared pixel transistor.
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FIG. 12 1s a diagram 1illustrating a third example of
arranging the shared pixel transistor.

FIG. 13 1s a diagram illustrating another example of
forming the on-chip lens.

FI1G. 14A and FIG. 14B are predetermined cross-sectional
views of FIG. 13.

FIG. 15 1s a diagram 1illustrating an example of a color
combination of the color filters.

FIG. 16 1s block diagram illustrating a configuration
example of an 1maging device as an electronic apparatus to
which the present technology 1s applied.

DETAILED DESCRIPTION OF EMBODIMENTS

Hereinaiter, embodiments for implementing the present
technology (heremafiter, referred to as the embodiment) will
be described. The description will be made in an order as
follows.

1. A schematic configuration example of a solid state 1mag-
ing device

2. An example of a shared pixel structure in the related art
3. A shared pixel structure in the present embodiments

4. An example of arranging color filters and an on-chip lens
5. First to third examples of arranging a shared pixel
transistor

6. A configuration example of an electronic apparatus

1. A Schematic Configuration Example of a Solid State
Imaging Device

FIG. 1 1s a diagram 1llustrating a schematic configuration
of a solid state imaging device to which the present tech-
nology 1s applied.

The solid state imaging device 1 i FIG. 1 1s configured
to include a pixel array umt 3 1n which pixels (pixel region)
2 are arrayed 1n a matrix shape and a peripheral circuit unit
around the pixel array unit 3 on a semiconductor substrate 12
using, for example, silicon (S1) as the semiconductor. The
peripheral circuit unit includes a vertical drive circuit 4, a
column signal processing circuit 3, a horizontal drive circuit
6, an output circuit 7, and a control circuit 8.

In the pixel 2 in the pixel array unit 3, a so-called shared
pixel structure in which a part of pixel transistors (so-called
MOS ftransistors) 1s shared by a plurality of pixels 2 1s
adopted. Specifically, a structure in which a floating diffu-
sion region (FD), a selection transistor, a reset transistor, and
an amplification transistor are shared by vertical 4 pixelsx
horizontal 2 pixels, a total of 8 pixels (4 rows, 2 columns),
1s adapted. A plural pixel shared structure adapted in the
present embodiment will be described below 1n detail with
reference to FIGS. 5 to 7.

The control circuit 8 recerves data for instructing an input
clock, an operation mode, and the like, and outputs data such
as internal information of the solid state imaging device 1.
That 1s, the control circuit 8 generates a clock signal which
1s a standard for operation of the vertical drive circuit 4, the
column signal processing circuit 5, and the horizontal drive
circuit 6, and control signals based on a vertical synchroni-
zation signal, a horizontal synchronization signal, and a
master clock. Then, the control circuit 8 outputs the gener-
ated clock signal and the control signals to the vertical drive
circuit 4, the column signal processing circuit 5, and the
honzontal drive circuit 6.

The vertical drive circuit 4, for example, 1s configured
with a shiit register, selects a pixel drive wiring 10, supplies
a pulse for drniving the pixel 2 to the selected pixel drive
wiring 10, and drives the pixels 2 in units of a row. In other
words, the vertical drive circuit 4 selectively and sequen-
tially scans each pixel 2 of the pixel array unit 3 1 units of
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4

a row 1 a vertical direction, and supplies the pixel signal
which 1s based on a signal charge generated according to an
amount of light received by the photoelectric conversion
unit of each pixel 2, to the column signal processing circuit
5 through a vertical signal line 9.

The column signal processing circuit 3 1s arranged for
cach column of pixel 2, and performs signal processing such
as noise removal on the signal output from one row of the
pixels 2 for each pixel column. For example, the column
signal processing circuit 3 performs signal processing such
as a correlated double sampling (CDS) for removing a
specific fixed pattern noise of the pixel and an AD conver-
S1011.

The horizontal drive circuit 6, for example, 1s configured
from a shift register, selects each column signal processing
circuit 5 1n an order by sequentially outputting horizontal
scanning pulses, and causes each column signal processing
circuit 5 to output the pixel signal to a horizontal signal line
11.

The output circuit 7 performs predetermined signal pro-
cessing with respect to the signals sequentially supplied
from each column signal processing circuit 3 through the
horizontal signal line 11 to output. The output circuit 7, for
example, 1 some cases, performs only a buflering, and 1n
some cases, performs a black level adjustment, a column
variation correction, various digital signal processing, and
the like. An input and output terminal 13 exchanges the
signals to and from the outside.

The solid state imaging device 1 configured as described
above 1s a CMOS 1mage sensor called a column AD type 1n
which the column signal processing circuit 5 that performs
the CDS processing and the AD conversion processing 1s
arranged for each pixel column.

2. An Example of a Shared Pixel Structure in the Related Art

Next, a shared pixel structure in the related art will be
described with reference to FIGS. 2 to 4 before describing
a shared pixel structure adapted in the solid state 1imaging
device 1 in FIG. 1.

FIG. 2 illustrates a circuit diagram of a shared pixel
structure 1n the related art in which a part of pixel transistors
1s shared by vertical 4 pixelsxhorizontal 2 pixels, a total of
8 pixels.

Each pixel individually has only a photodiode PD and a
transter transistor TG that transfers charge accumulated in
the photodiode PD. Then, the FD 21, the reset transistor
(reset Tr) 22, the amplification transistor (amplification Tr)
23, and the selection transistor (selection Ir) 24 are com-
monly used respectively, 1n the 8 pixels which are a umit of
sharing.

Heremaiter, each of the reset transistor 22, the amplifi-
cation transistor 23, and the selection transistor 24 which are
commonly used 1n the 8 pixels which are the unit of sharing
1s called a shared pixel transistor. In addition, 1 order to
distinguish the photodiode PD and the transfer transistor TG
individually arranged to each of the 8 pixels in the unit of
sharing, as 1llustrated 1n FIG. 2, the photodiode PD and the
transier transistor TG are referred to as the photodiodes PD1
to PD8 and the transfer transistors TG1 to TGS.

Each photodiode PD1 to PD8 receives light to generate
and accumulate the light charges.

The transfer transistor TG1 transfers the light charges
accumulated 1n the photodiode PD1 to the FD 21 by becom-
ing a conductive state 1n response to a drive signal when the
drive signal supplied to a gate electrode via the signal line
TG1A 1s 1n an active state. The transier transistor TG2
transfers the light charges accumulated in the photodiode
PD2 to the FD 21 by becoming a conductive state 1n
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response to the drive signal when the drive signal supplied
to the gate electrode via the signal line TG2A 1s 1n an active
state. The transter transistor TG3 transiers the light charges
accumulated 1n the photodiode PD3 to the FD 21 by becom-
ing a conductive state in response to the drive signal when
the drive signal supplied to the gate electrode via the signal
line TG3A 1s 1n an active state. The transier transistor TG4
transiers the light charges accumulated 1 the photodiode
PD4 to the FD 21 by becoming a conductive state 1n
response to the drive signal when the drive signal supplied
to the gate electrode via the signal line TG4A 1s 1in an active
state. The operation of the photodiodes PD3 to PD8 and the
transier transistors TGS to TG8 as well 1s similar to that of
the photodiodes PD1 to PD4 and the transter transistors TG1
to TGA4.

The FD 21 temporanly holds the light charges supplied
from the photodiodes PD1 to PDS.

The reset transistor 22 resets the electric potential of the
FD 21 to a predetermined level (reset voltage VDD) by
becoming a conductive state 1n response to the drive signal
when the drive signal supplied to the gate electrode via the
signal line RST 1s 1n an active state.

The amplification transistor 23 configures a load MOS
(not 1llustrated) of a constant current source circuit con-
nected to one end of the vertical signal line 9 and a source
tollower circuit by a source electrode being connected to the
vertical signal line 9 via the selection transistor 24.

The selection transistor 24 1s connected between the
source electrode of the amplification transistor 23 and the
vertical signal line 9. The selection transistor 24 outputs the
pixel signal of the pixels within the unit of sharing output
from the amplification transistor 23 to the vertical signal line
9 with the sharing umit as the selected state by becoming a
conductive state 1n response to the selection signal when the
selection signal supplied to the gate electrode via the signal
line SEL 1s 1n an active state. A plurality of pixels within the
unit of sharing can output the pixel signal in one pixel unit,
or can simultaneously output the pixel signal 1n a plurality
of pixel units according to the drive signal from the vertical
drive circuit 4.

FIG. 3 illustrates the pixel layout in the shared pixel
structure on the semiconductor substrate 1n the related art
illustrated 1n FIG. 2. In FIG. 3, the same reference numerals
are given to the parts corresponding to the parts 1n FIG. 2.

In addition, FIG. 4 1llustrates a schematic pixel layout in
which the pixel layout in FIG. 3 1s further simplified with
focusing on only the photodiodes PD and the shared pixel
transistors.

The pixel layout in the shared pixel structure on the
semiconductor substrate in the related art, as illustrated 1n
FIG. 4, 1s a layout of arranging two configurations vertically
(in a column direction), 1n which the photodiodes PD are
arranged 1n vertical 2xhorizontal 2 for each pixel, and the
shared pixel transistors are arranged on the lower side
thereof.

In one side of the arrangement region of the two shared
pixel transistors, for example, as illustrated 1n FIG. 3, the
amplification transistor 23 and the selection transistor 24 are
arranged, and 1n the other side, the reset transistor 22 is
arranged.

Then, 1n the arrangement region for each pixel of vertical
2 pixelsxhorizontal 2 pixels, as illustrated 1n FIG. 3, the
photodiodes PD are arranged, and the FD 21 1s arranged on
the center of the 2x2 photodiodes. The FDs 21 are separately
arranged 1n two positions on the center of the 2x2 photo-
diodes PD on the upper side and on the center of the 2x2
photodiodes on the lower side. In addition, in the vicinity of

10

15

20

25

30

35

40

45

50

55

60

65

6

the FD 21 of each photodiode PD, (gate electrodes of) the
transier transistors TG provided for each pixel are arranged.

In the example in FIG. 3, among the two vertically
arranged configurations, the photodiodes PD1 to PD4, the
amplification transistor 23, and the selection transistor 24
are arranged on the upper side, and the photodiodes PD5 to
PD8 and the reset transistor 22 are arranged on the lower
side, but the method of arranging the shared pixel transistors
1s not limited thereto. For example, the reset transistor 22
and the amplification transistor 23 may be arranged on the
lower side of the photodiodes PD1 to PD4, and the selection
transistor 24 may be arranged on the lower side of the
photodiodes PD5 to PD8.

In this way, 1n a case where the reset transistor 22, the
amplification transistor 23, and the selection transistor 24
are shared by 8 pixels, the number of pixel transistors per
pixel unit 1s 11/8=1.3775 transistor. Therefore, according to
the shared pixel structure, since 1t 1s possible to reduce the
number of pixel transistors per unit pixel compared to a case
where the reset transistor 22, the amplification transistor 23,
and the selection transistor 24 are arranged for each pixel.

However, as 1s apparent from FIG. 4, according to the
shared pixel structure 1n the related art, 1t 1s necessary to
ensure a separate position for arranging the shared pixel
transistor, and the area of such positions causes a reduction
in area of the photodiodes PD of each pixel. In addition, due
to minmaturization of the pixels, when the arrangement area
of the shared pixel transistors 1s reduced, there 1s a concemn
that noise due to the reduction of the area for the amplifi-
cation transistor 23 may increase.

3. A Shared Pixel Structure of the Solid State Imaging
Device 1

Next, a shared pixel structure adapted in the solid state
imaging device 1 1n FIG. 1 will be described with reference
to FIGS. 5 to 7.

FIGS. § to 7 are diagrams 1llustrating the shared pixel
structure adapted in the solid state 1imaging device 1 1n
association with FIGS. 2 to 4.

That 1s, FIG. 5 illustrates a circuit diagram of the shared
pixel structure adapted 1n the solid state imaging device 1.
FIG. 6 1llustrates a pixel layout of the shared pixel structure
in FIG. 5, on the semiconductor substrate 12. FIG. 7
illustrates a schematic pixel layout 1n which the pixel layout
in FIG. 6 1s further simplified.

The description of FIGS. 5 to 7 will be made only for the
portion different from the shared pixel structure in the
related art illustrated in FIGS. 2 to 4, and the description
regarding the same portion will not be repeated.

In the circuit diagram of the shared pixel structure 1n the
present embodiment 1llustrated 1n FIG. 5, compared to the
circuit diagram of the shared pixel structure in the related art
illustrated 1n FIG. 2, one photodiode PD and one transfer
transistor TG among eight photodiodes PD and eight trans-
fer transistors TG 1n the unit of sharing are omitted. In the
example in FIG. 5, the photodiode PD4 and the transfer
transistor TG4 are omitted.

Then, as 1llustrated 1n FIGS. 6 and 7, 1n the pixel layout
in the present technology, all of the shared pixel transistors,
that 1s, the reset transistor 22, the amplification transistor 23,
and the selection transistor 24 are intensively arranged at the
position where the photodiode PD4 and the transfer transis-
tor TG4 are arranged 1n the related art.

As 1s apparent by comparing the schematic pixel layout 1n
the present technology 1 FIG. 7 and the schematic pixel
layout in the related art in FIG. 4, by intensively arranging
all of the shared pixel transistors in the region of one pixel,
it 15 possible to expand the area for other photodiodes PD 1n
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the unit of sharing. In other words, since 1t 1s not necessary
to provide an arrangement position for the shared pixel
transistors separate from the region for the photodiodes PD,

it 1s possible to expand the area for the photodiodes PD1 to
PD3 and the photodiodes PD5 to PDS.

In FIGS. 5 to 7, the example in which the photodiode PD4
and the transfer transistor TG4 among eight photodiodes PD
and eight transier transistors TG are omitted 1s described.
However, the omitted photodiode PD and the transfer tran-
sistor TG can be any arbitrary one among eight photodiodes
PD and eight transier transistors TG. In other words, any
arbitrary pixel in the region of the unit of sharing can be
selected as one pixel on which the shared pixel transistors
are 1ntensively arranged.

4. An Example of Arranging Color Filters and an On-Chip
Lens

FIG. 8 1llustrates an example of arranging color filters in
the pixel array unit 3.

In the pixel array unit 3, the color filters of three colors,
red (R), green ((G), blue (B) are arranged 1n a so-called a
Bayer array in which the colors are arranged in sets of R, G
(GR), G (GB), and B such that the ratio R:G:B=1:2:1.
However, each color of R, GR, GB, and B i1s arrayed in the
unit of 4 pixels of vertical 2 pixelsxhorizontal 2 pixels as
illustrated 1n FIG. 8. Therefore, 1f the unit of 4 pixels of
vertical 2 pixelsxhorizontal 2 pixels which has the same
color 1s referred to as a same color unit, a unit of sharing 1s
configured in the solid state 1maging device 1 1n the same
color unit of two colors adjacent 1n the vertical direction.

Hereinafter, the pixel 2 in which the color filter of R 1s
arranged 1s referred to as R pixel, the pixel 2 1n which the
color filter of GR 1s arranged is referred to as GR pixel, the
pixel 2 1n which the color filter of GB 1s arranged 1s referred
to as GB pixel, and the pixel in which the color filter of B
1s arranged 1s referred to as B pixel. In addition, 1n order to
distinguish each of four R pixels in the same color unit, the
R pixel 1n the upper leit 1s referred to as an R1 pixel, the R
pixel 1n the upper right 1s referred to as an R2 pixel, the R
pixel in the lower letft 1s referred to as an R3 pixel, and the
R pixel 1in the lower right 1s referred to as an R4 pixel.
Similarly, four GR pixels in the same color unit are referred
to as a GR1 pixel, a GR2 pixel, a GR3 pixel, and a GR4 pixel
respectively. Also similarly, four GB pixels are referred to as
a GB1 pixel, a GB2 pixel, a GB3 pixel, and a GB4 pixel
respectively, and four B pixels are referred to as a B1 pixel,
a B2 pixel, a B3 pixel, and a B4 pixel respectively.

FIG. 9 illustrates an example of forming an on-chip lens
in the pixel array unit 3.

As 1llustrated in FIG. 9, 1n the solid state imaging device
1, an on-chip lens (OCL) 31 1s formed 1n the pixel unit.

In the solid state imaging device 1, as described above, by
the color filters being arrayed in a unit of four pixels as
vertical 2 pixelsxhorizontal 2 pixels, and by the pixel signal
being read for each pixel, a junction capacitance of the
photodiode PD per one pixel can be increased and 1t 1s
possible to widen the dynamic range.

Compared to the general Bayer array 1n which the color
filters of R, GR, GB, and B are arranged in a unit of one
pixel, four pixels are recognized as one pixel having one
color. However, 1n the latest high resolution solid state
imaging devices 1, since the area per pixel 1s small enough,
it 1s possible to obtain the suflicient resolution.

5.1 A First Example of Arranging Shared Pixel Transistors

FIG. 10 1s a diagram illustrating a first example of
arranging shared pixel transistors in the pixel array umt 3.

In the first example of arrangement, as illustrated in FIG.
10, among each of the pixels 2 1n which the color filters of

10

15

20

25

30

35

40

45

50

55

60

65

8

R, GR, GB, and B are arranged so as to be the Bayer array
with four pixels of vertical 2 pixelsxhorizontal 2 pixels as
the same color unit that recerves light of the same color, the
shared pixel transistors are intensively arranged in one pixel
of the R pixel and one pixel of the B pixel within the same
color unit.

In which one pixel the shared pixel transistors waill
intensively be arranged among four R pixels and four B
pixels 1 the same color unit 1s determined at random.

That 1s, 1n FIG. 10, there are four R unit regions 41 to 44
as the same color unit regions of R. In the upper left R unit
region 41 among the four R unit regions, the shared pixel
transistors are intensively arranged at the position of R4
pixel, and 1n the upper right R unit region 42, the shared
pixel transistors are intensively arranged at the position of
R1 pixel. In addition, 1n the lower left R unit region 43, the
shared pixel transistors are intensively arranged at the posi-
tion of R3 pixel, and 1n the lower right R unit region 44, the
shared pixel transistors are intensively arranged at the posi-
tion of R1 pixel.

On the other hand, in FIG. 10, there are four B unit
regions 51 to 54 as the same color unmit regions of B. Then,
in the upper left B unit region 51 among the four B unit
regions, the shared pixel transistors are imtensively arranged
at the position of B1 pixel, and in the upper right B unit
region 52, the shared pixel transistors are intensively
arranged at the position of B2 pixel. In addition, in the lower
left B unit region 53, the shared pixel transistors are mten-
sively arranged at the position of B3 pixel, and 1n the lower
right B unit region 54, the shared pixel transistors are
intensively arranged at the position of Bl pixel.

In this way, by intensively arranging the shared pixel
transistors 1n one predetermined pixel among four pixels in
the same color unit regions of R or B, 1t 1s possible to
maximize the area of photodiodes PD 1n the G pixel of
which the number 1s largest, without causing the loss of
pixels. Generally, 1n the Bayer array, resolution information
and color information of G are acquired from the G pixel of
which the number 1s largest, and color information 1s
acquired from the R pixel and B pixel of which the numbers
are small. According to the first example of arrangement,
since the area of the photodiode PD can be maximized
without causing the loss of pixels in the G pixel which
acquires the resolution imformation, high sensitivity and
increase 1n a saturation charge amount can be realized, and
thus, 1t 1s possible to improve the pixel characteristics.

By performing the processing in such a manner that the
ratio of R, G, and B 1s to be R:G:B=3:8:3, the color
information of R or B of the pixels 2 where the shared pixel
transistors are intensively arranged can be obtained by
interpolation between the color information of the remaining
three pixels of the same color.

5.2 A Second Example of Arranging Shared Pixel Transis-
tors

FIG. 11 1s a diagram illustrating a second example of
arranging the shared pixel transistors in the pixel array unit
3.

The second example of arrangement 1s similar to the first
example of arrangement described above in the point that
the shared pixel transistors are intensively arranged 1n one
pixel of R pixels and one pixel of B pixels 1in the same color
unit.

However, 1t 1s different from the first example of arrange-
ment 1n the point that the pixel where the shared pixel
transistors are intensively arranged among four pixels of R
or B 1n the same color unit 1s determined by a predetermined
regulation.
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In the second example of arrangement, the shared pixel
transistors are intensively arranged in the same pixel posi-
tion of four adjacent same color unit regions.

That 1s, in FIG. 11, 1n any of the four adjacent R unit
regions 41 to 44, the shared pixel transistors are intensively
arranged 1n the lower right pixel position of R4. In addition,
similarly to the four adjacent B unit regions of 51 to 54
which are the same color unit, the shared pixel transistors are
intensively arranged in the lower right pixel position of B4
in any of the four adjacent B unit regions of 51 to 54.

In this way, when the shared pixel transistors are inten-
sively arranged in the same pixel position among the four
pixels 1n the same color unit regions of R or B, the
arrangement of the shared pixel transistors viewed from the
same color unit region of GR and the arrangement of the
shared pixel transistors viewed from the same color unit
region of GB are the same. As a result, an influence of
oblique incident light from the pixel 2 where the shared pixel
transistors are arranged becomes the same in the GB pixel
and GR pixel, and thus, 1t 1s possible to minimize the
difference in sensitivity between the GR pixel and the GB
pixel. It 1s possible to further suppress the influence of the
incident light by blocking the light by disposing a black filter
which does not transmit visible light or a metal layer 1n the
pixel where the shared pixel transistors are arranged.

As disclosed 1n Japanese Unexamined Patent Application
Publication No. 2008-172580, 1n the general Bayer array 1n
which the R pixel, GR pixel, GB pixel, and the B pixel are
arranged 1n one pixel unmt, for example, the shared pixel
transistors are assumed to be intensively arranged in the
pixel position of the B pixel, and the B pixel 1s adjacent to
the GR pixel 1n a vertical direction, and to the GB pixel in
a horizontal direction. Therefore, since the B pixel 1s adja-
cent to the GR pixel and GB pixel in different directions, the
difference in sensitivity between the GR pixel and the GB
pixel due to the oblique incident light easily occurs, a
difference occurs in the G pixels of the same color, and there
1s a case 1 which stripes may be seen.

By arranging the R pixels, GR pixels, GB pixels, and B
pixels 1n the Bayer array with four pixels of vertical 2
pixelsxhorizontal 2 pixels as the same color unit, as
described above, the arrangement of the shared pixel tran-
s1stors with respect to the GR pixel and the arrangement of
the shared pixel transistors with respect to the GB pixel can
be the same, and thus, 1t 1s possible to minimize the
difference 1n sensitivity between the GR pixel and GB pixel.
5.3 A Third Example of Arranging Shared Pixel Transistors

FIG. 12 1s a diagram illustrating a third example of
arranging the shared pixel transistors in the pixel array unit
3.

The third example of arrangement 1s similar to the first
example and the second example of arrangements described
above 1n the point that the shared pixel transistors are
intensively arranged in one pixel of R pixels and one pixel
of B pixels 1n the same color unit.

However, 1t 1s diflerent from the first example and the
second example of arrangements i the point that the pixel
where the shared pixel transistors are intensively arranged
among four pixels of R or B in the same color unit is
determined by a predetermined regulation which 1s different
from that in the second example of arrangement.

In the third example of arrangement, the shared pixel
transistors are intensively arranged in mutually different
pixel position of four adjacent same color unit regions.

That 1s, 1n FIG. 12, among the four adjacent R unit regions
41 to 44, 1n the upper left R unit region 41, the shared pixel
transistors are intensively arranged in the pixel position of
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R4, and 1n the upper right R unit region 42, the shared pixel
transistors are intensively arranged in the pixel position of
R2. In addition, 1n the lower left R umt region 43, the shared
pixel transistors are intensively arranged 1n the pixel posi-
tion ol R3, and 1n the lower right R unit region 44, the shared
pixel transistors are intensively arranged in the pixel posi-
tion of R1.

In other words, with respect to the four adjacent R unit
regions 41 to 44, the pixel position of R1, the pixel position
of R2, the pixel position of R3, and the pixel position of R4
are selected once respectively as the arrangement position of
the shared pixel transistors.

Similarly, with respect to the four adjacent B unit regions
51 to 54 which are the same color unit regions of B, the pixel
position of B1, the pixel position of B2, the pixel position of
B3, and the pixel position of B4 are selected once respec-
tively as the arrangement position of the shared pixel
transistors.

That 1s, among the four adjacent B unit regions 31 to 34,
in the upper leit B unit region 51, the shared pixel transistors
are intensively arranged in the B4 pixel position, in the
upper right B unit region 52, the shared pixel transistors are
intensively arranged in the B2 pixel position, in the lower
left B unit region 53, the shared pixel transistors are inten-
sively arranged 1n the B3 pixel position, and in the lower
right B unit region 354, the shared pixel transistors are
intensively arranged in the B1 pixel position.

In this way, by intensively arranging the shared pixel
transistors in the mutually different pixel positions of the
four adjacent same color unit regions, 1t 1s difficult for the
influence of the shared pixel transistors to appear as stripes
because the pixel positions that do not receive the light are
equally arranged with a good balance, and it 1s possible to
make the ifluence of the shared pixel transistors incon-
spicuous. In addition, 1n a case where the color information
in the pixel position where the shared pixel transistors are
intensively arranged 1s interpolated, there are advantages 1n
interpolation since the color information in the same posi-
tion of the other adjacent same color unit regions can be used
as a reference.

As described above, 1n the solid state imaging device 1 1n
FIG. 1, the R pixel, GR pixel, GB pixel, and B pixel are
arranged so as to be the Bayer array with the four pixels of
vertical 2 pixelsxhorizontal 2 pixels as the same color unit
that receives light of the same color. Then, among each of
the same color unit regions of R, GR, GB, and B, the shared
pixel transistors are intensively arranged 1n one pixel of R
pixels and one pixel of B pixels.

In this way, since the area of the photodiode PD of the G
pixel can be maximized, high sensitivity and increase 1n the
saturation charge amount can be realized, and thus, it 1s
possible to improve the pixel characteristics.

In addition, according to the configuration 1 which the
shared pixel transistors are arranged in the present technol-
ogy, the photodiode PD and the transier transistor TG are
omitted in the pixel where the shared pixel transistors are
arranged. Accordingly, the configuration can be applied to
the solid state 1maging device of both a front-surface irra-
diation type and a back-surface irradiation type.

Therefore, according to the configuration of arranging the
shared pixel transistors in the present technology, the area of
the photodiode can be expanded, and 1t 1s possible to realize
the configuration that can be used 1n both of the front-surface
irradiation type and the back-surface irradiation type.

In addition, since the shared pixel transistors are inten-
sively arranged 1n one pixel where the photodiode PD and
the transfer transistor TG are omitted, a degree of freedom
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in designing the shared pixel transistors can be increased,
and 1t 1s possible to improve the characteristics of the shared

pixel transistors. As a result, the size of the amplification
transistor 23 can be increased, thus noise reduction can be
expected. Another example of forming the on-chip lens

FIG. 13 illustrates another example of forming the on-
chip lens 1n the pixel array unit 3. In FIG. 13, the on-chip
lens 1s 1llustrated 1n superimposition on the pixel layout
where the signal line 1s omitted not to be 1llustrated.

In the mitial example 1llustrated 1n FIG. 9, an on-chip lens
31 1s formed for each pixel 2. However, in FIG. 13, an
on-chip lens 61 1s formed on four pixels which are the same
color unit.

The configuration 1n which an on-chip lens 61 1s formed
on four pixels of a same color unit 1n this way can be adopted
to the solid state imaging device of both of the front-surface
irradiation type and the back-surface irradiation type. How-
ever, 1n a case of the configuration of the front-surface
irradiation type, 1t 1s necessary to block the light for the pixel
where the shared pixel transistors are arranged.

On the other hand, 1n a case where the configuration in
which one on-chip lens 61 1s formed on four pixels of a same
color unit like this 1s adapted to the solid state 1maging
device of the back-surface irradiation type, the blocking of
the light 1s not necessary, and further, as illustrated 1n FIGS.
14A and 14B, 1t 1s possible to configure 1n such a manner
that an 1mpurity region 62A of the photodiode PD of four
pixels of the same color unit 1s connected 1n the region of the
light incident side.

FIG. 14A 1llustrates a cross-sectional view seen from the
line XIVA-XIVA 1 FIG. 13 and FIG. 14B 1illustrates a
cross-sectional view seen from the line XIVB-XIVB 1n FIG.
13.

As 1llustrated 1 FIG. 14A, in a silicon layer 62 of the
pixel 2 where the shared pixel transistors are arranged, the
impurity region 62A of the photodiode PD3 1s formed so as
to extend to the bottom side of the layer where the source
region and drain region of the reset transistor 22 are formed.

In addition, as illustrated in FIG. 14B, the impurity
regions 62A of the photodiode PD3 and the photodiode PDé6
formed 1n the silicon layer 62 are also mutually connected 1n
the rear surface side region near the color filter 63 and the
on-chip lens 61.

In addition, even though not illustrated, the impurity
regions 62A of the photodiodes PD 1n the vertical direction
(for example, PD1, PD3, and the like) are also mutually
connected 1n the rear surface side region near the color filter
63 and the on-chip lens 61.

In a case where one on-chip lens 61 1s formed on the four
pixels of the same color unit, by the impurity region 62A of
the photodiodes PD of four pixels of the same color unit as
in FIG. 13 being mutually connected in the rear surface side
near the color filter 63 and the on-chip lens 61 of the silicon
layer 62, an opening region ol the photodiode PD can be
enlarged, and thus, 1t 1s possible to further improve a light
receiving sensitivity.

Modification Example

In the example described above, the example of inten-
sively arranging all the shared pixel transistors 1n the R pixel
and the B pixel among the R pixel, GR pixel, GB pixel, and
B pixel arranged 1n the same color unit as the Bayer array 1s
described. However, all the shared pixel transistors may be
intensively arranged 1n the GR pixel and the GB pixel.

That 1s, 1n the configuration of arranging the shared pixel
transistors in the present technology, 1t 1s possible to con-
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figure 1n such a manner that all the shared pixel transistors
are intensively arranged in the pixel of at least one color
among the R pixel, GR pixel, GB pixel, and B pixel arranged
in the same color unit as the Bayer array.

In addition, the configuration of arranging the shared
pixel transistors 1n the present technology can be applied to
a combination of color filters of any colors. Not being
limited to the combination of colors R, GR, GB, and B
described above, for example, as illustrated in FIG. 15, the

configuration may be applied to the combination of colors
red (R), white (W), green (G), and blue (B). In a case of
arraying the pixels in a combination of R, W, G, and B as
illustrated 1n FIG. 15, similar to the examples described
above, for example, the entire shared pixel transistors can be
intensively arranged 1n one pixel of the R pixel and the B
pixel.

6. A Configuration Example of an Electronic Apparatus

The present technology 1s not limited to the application to
the solid state 1maging device. That 1s, the present technol-
ogy 1s generally applicable to electronic apparatuses 1n
which an 1mage capturing unit (a photoelectric conversion
unit) uses the solid state imaging device, such as an 1maging
device like a digital still camera and a video camera, a
mobile terminal device having an 1maging function, and a
copying machine in which an image reading unit uses the
solid state 1imaging device. The solid state 1maging device
may have a shape of being formed 1n one chip or may have
a module shape 1n which the imaging unit and the signal
processing or the optical system are collectively packaged,
and which has an 1imaging function.

FIG. 16 1s block diagram illustrating a configuration
example of an 1imaging device as an electronic apparatus to
which the present technology 1s applied.

An 1maging device 100 1n FIG. 16 includes an optical unit
101 made of a group of lenses, a solid state imaging device
(1maging device) 102 in which the configuration of the solid
state 1maging device 1 in FIG. 1 1s adapted, and a digital
signal processing (DSP) circuit 103 which 1s a camera signal
processing circuit. In addition, the imaging device 100 also
includes a frame memory 104, a display unit 105, a record-
ing unit 106, an operation unit 107, and a power supply unit
108. The DSP circuit 103, the frame memory 104, the
display umit 103, the recording unit 106, the operation unit
107, and the power supply unit 108 are connected to each
other via a bus line 109.

The optical unit 101 captures incident light (image light)
from the object and forms an 1mage on the 1maging surface
of the solid state imaging device 102. The solid state
imaging device 102 converts the incident light amount
formed as the 1mage on the 1maging surface by the optical
unit 101 to an electric signal 1n units of pixels and outputs
the electrical signal as a pixel signal. As the solid state
imaging device 102, the solid state imaging device 1 1n FIG.
1 can be used, that 1s, the solid state imaging device in which
color filters of a plurality of colors are arrayed with four
pixels of vertical 2 pixelsxhorizontal 2 pixels as the same
color unit that recerves light of the same color, and which
has the shared pixel structure, and thus, 1n which the shared
pixel transistors are intensively arranged in one predeter-
mined pixel 1 the unit of sharing.

The display unit 105, for example, 1s made from a panel
type display device such as a liquid crystal panel or an
organic electro luminescence (EL) panel, and displays a
moving image or a still image imaged by the solid state
imaging device 102. The recording unit 106 records the
moving image or the still image 1imaged by the solid state
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imaging device 102 1n the recording medium such as a hard
disk or a semiconductor memory.

The operation unit 107 1ssues an operation nstruction for
various functions of the imaging device 100 due to a user’s
operation. The power supply umt 108 appropriately supplies
various powers which are the operation power of the DSP
circuit 103, the frame memory 104, the display unit 105, the
recording unit 106, and the operation unit 107 to each of
those supply targets.

As described above, by using the solid state 1maging
device 1 1n the embodiments described above as the solid
state imaging device 102, the area of the photodiode PD can
be expanded and high sensitivity can be realized. Therelfore,
the quality of the imaged image can be improved in the
imaging device 100 for a camera module used for a video
camera, a digital still camera, and moreover a mobile device
such as a mobile phone.

In addition, the present technology 1s not limited to being
applied to the solid state 1imaging device that detects and
images the distribution of an incident light amount of visible
light as the 1mage, but 1s widely applicable to solid state
imaging devices such as: a solid state 1imaging device that
images the distribution of incident amount of X-rays, infra-
red rays, or particles as the image, and 1n a broader sense, a
solid state 1maging device (physical amount distribution
detection device) for a finger print sensor that detects and
images another physical amount such as pressure or elec-
trostatic capacitance as the image.

The embodiment of the present technology 1s not limited
to the embodiments described above, and various modifi-
cations can be made without departing from the scope of the
technology.

The present technology can have configurations as fol-
lows.

(1) A solid state imaging device includes:

a pixel array unit in which color filters of a plurality of
colors are arrayed with four pixels of vertical 2 pixelsx
horizontal 2 pixels as a same color unit that recerves light of
the same color, shared pixel transistors that are commonly
used by a plurality of pixels are intensively arranged in one
predetermined pixel 1n a unit of sharing, and a color of the
color filter of a pixel where the shared pixel transistors are
intensively arranged 1s a predetermined color among the
plurality of colors.

(2) The solid state 1imaging device according to above (1),
in which the plurality of colors are R, G, and B, and

in which the color filters of the plurality of colors are
arrayed as the Bayer array.

(3) The solid state imaging device according to any one of
above (1) or (2),

in which the unit of sharing 1s eight pixels made from the
adjacent same color units of two colors.

(4) The solid state 1imaging device according to any one of
above (1) to (3),

in which the shared pixel transistors are intensively
arranged 1n one pixel of R or B.

(5) The solid state imaging device according to any one of
above (1) to (4),

in which a position of the one pixel where the shared pixel
transistors are intensively arranged 1s a random position in
the same color unit of the predetermined color 1n the pixel
array unit.

(6) The solid state imaging device according to any one of
above (1) to (4),

in which the position of the one pixel where the shared

pixel transistors are intensively arranged 1s the same pixel
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position 1n the regions of four adjacent same color units of
the predetermined color 1n the pixel array unit.

(7) The solid state imaging device according to any one of
above (1) to (4),

in which the position of the one pixel where the shared
pixel transistors are intensively arranged i1s a mutually
different pixel position in the regions of four adjacent same
color units of the predetermined color in the pixel array unait.
(8) The solid state 1imaging device according to any one of
above (1) to (7),

in which the shared pixel transistors are a reset transistor,
an amplification transistor, and a selection transistor.

(9) The solid state imaging device according to any one of

above (1) to (8), 1s of back-surface irradiation type.

(10) The sohid state imaging device according to above (9),
in which an impurity region of the photodiode 1s also

formed on the one pixel where the shared pixel transistors

are intensively arranged.

(11) The solid state imaging device according to any one of

above (1) to (10),

in which one on-chip lens i1s formed on the same color
unit.

(12) The solid state imaging device according to any one of
above (1) to (11),

in which impurity regions of four pixels of the photo-
diodes 1n the same color unit are connected.

(13) The solid state imaging device according to any one of
above (1) to (12),

in which the plurality of colors are any of W, R, G, and
B.

(14) An electronic apparatus includes:

a solid state imaging device that has a pixel array umit in
which color filters of a plurality of colors are arrayed with
four pixels of vertical 2 pixelsxhorizontal 2 pixels as a same
color unit that receives light of the same color, shared pixel
transistors that are commonly used by a plurality of pixels
are intensively arranged 1n one predetermined pixel in a unit
of sharing, and a color of the color filter of pixel where the
shared pixel transistors are mtensively arranged 1s a prede-
termined color among the plurality of colors.

It should be understood by those skilled i the art that
various modifications, combinations, sub-combinations and
alterations may occur depending on design requirements and
other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.

What 1s claimed 1s:

1. An imaging device, comprising:

a pixel array unit, including:

a shared pixel structure, wherein the shared pixel
structure 1ncludes:
a plurality of photodiodes, wherein the photodiodes
are arranged 1n rows and columns;
a plurality of transfer transistors, wherein each pho-
todiode 1s associated with a transier transistor; and
a plurality of shared pixel transistors,
wherein the photodiodes are evenly distributed
along the plurality of rows and columns such
that the photodiodes are located within areas
encompassing intersections between the rows
and columns except for a first area encompass-
ing an intersection between one of the rows and
one of the columns that does not have a pho-
todiode present where the photodiode would
have been, and
wherein the plurality of transfer transistors are
located 1n the first area 1n which the photodiode
1s not present.
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2. The 1maging device of claim 1, wherein each of the
photodiodes 1s associated with a color filter.

3. The imaging device of claim 1, wherein each of the
photodiodes 1s associated with a color filter of one of a first
or a second color.

4. The imaging device of claim 3, wherein the second
color 1s one of red or blue.

5. The imaging device of claim 4, wherein the first color
1S green.

6. The mmaging device of claim 3, wherein an even
number of photodiodes are associated with the first color,
and wherein an odd number of photodiodes are associated
with the second color.

7. The 1imaging device of claim 1, wherein the shared
pixel structure includes seven photodiodes distributed
within four rows and two columns.

8. The imaging device of claim 7, wheremn four of the
photodiodes are associated with a color filter of a first color,
and wherein three of the photodiodes are associated with a
color filter of a second color.

9. The imaging device of claim 1, wherein the pixel array
unit icludes a plurality of shared pixel structures.

10. The imaging device of claim 9, further comprising:

a plurality of color filters, wherein each shared pixel

structure 1ncludes an even number of photodiodes
associated with a color filter of a first color and an odd
number of photodiodes associated with a color filter of
a second color.

11. The imaging device of claim 10, wherein the color
filters are arrayed as a Bayer array.
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12. The imaging device of claim 11, wherein each unit of
the Bayer array i1s formed by two of the shared pixel
structures.

13. The imaging device of claim 1, wherein the shared
pixel transistors include at least two of a reset transistor, an
amplification transistor, and a selection transistor.

14. The imaging device of claim 1, wherein the shared
pixel transistors are a reset transistor, an amplification
transistor, and a selection transistor.

15. An electronic apparatus, comprising;

an 1maging device, including:

a pixel array unit, including:
a shared pixel structure, wherein the shared pixel
structure includes:
a plurality of photodiodes, wherein the photodiodes
are arranged 1n rows and columns; and
a plurality of transfer transistors, wherein each pho-
todiode 1s associated with a transfer transistor:;
a plurality of shared pixel transistors,
wherein the photodiodes are evenly distributed
along the plurality of rows and columns such
that the photodiodes are located within areas
encompassing intersections between the rows
and columns except for a first area encompass-
ing an intersection between one of the rows and
one of the columns that does not have a pho-
todiode present where the photodiode would
have been, and
wherein the plurality of transfer transistors are
located 1n the first area in which the photodiode
1s not present.

% o *H % x



	Front Page
	Drawings
	Specification
	Claims

